Purpose To evaluate the diagnostic value of magnetic resonance imaging (MRI) and illustrate the common MRI features of orbital schwannoma. Methods We reviewed 62 consecutive cases of pathologically proven orbital schwannoma investigated by MRI. All cases were examined using T1-and T2-weighted images. Enhanced T1-weighted images were obtained after administration of gadopentetate dimeglumine. The images were analysed and compared. Results Cone-shaped lesions were the most frequent (16, 26%), followed by dumbbell-shaped (10, 16%), oval (9, 15%) and round lesions (8, 13%). The most common site was the superior aspect of the orbit (17, 27%), followed by the medial superior (12, 19%) and the orbital apex (12, 19%). On unenhanced T1-weighted images, 53 (85%) lesions showed isointensity or small patches of hypointensity. The patterns of enhancement seen on T1-weighted images correlated with the signal characteristics of unenhanced T2-weighted images. Five patterns emerged in our series. Among these patterns, the most common sign, found in 18 (29%) cases, was peripheral (ring) enhancement on enhanced T1-weighted images, which showed peripheral isointensity with central hyperintensity on T2-weighted images. Lesions with homogeneous or heterogeneous enhancement were seen in 16 (26%) and 26 (42%) cases, respectively. Conclusions MRI is a valuable diagnostic method for orbital schwannoma, particularly when contrast is applied. The locations and shapes of tumours can be seen distinctly. T1-weighted images are relatively nonspecific. T2-weighted and enhanced T1-weighted images provide information about the pathology of tumours. In particular, peripheral enhancement should be considered a target sign of schwannoma.
Introduction
Schwannomas account for about 1-2% of all tumours in the orbit. They are well defined, encapsulated, slowly progressive tumours that originate in the peripheral nervous system. Early diagnosis and accurate evaluation of the extent of the schwannoma are essential for total removal of the tumour, preservation of normal anatomy, and restoration of visual acuity and ocular movements. Magnetic resonance imaging (MRI) is the method of choice for the examination of patients with suspected orbital schwannomas because of its high sensitivity, especially when contrast material is used. Published studies on MRI of orbital schwannomas are limited and systematic analyses are lacking. Most studies have been case reports [1] [2] [3] [4] or small series. 5, 6 Orbital schwannoma on MRI is usually described as a lesion that produces a low signal on T1-weighted images and a high signal on T2-weighted images, which can be homogeneously or heterogeneously enhanced. However, our data show that MRI of orbital schwannomas can yield more detailed information. We illustrate and analyse the common features of orbital schwannomas seen on MRI in 62 tumours.
Materials and methods
We reviewed 62 consecutive cases of pathologically proven orbital schwannoma investigated by MRI at the Institute of Orbital Diseases, Beijing (China). Between September 1999 and June 2006, we examined 26 male and 36 female patients ranging in age from 11 to 70 years (average age 38 years). Scans were obtained with a 1.5-T superconductive MRI unit. T2-weighted axial and coronal images were obtained. T1-weighted axial, coronal, and oblique sagittal images were obtained before and after intravenous administration of gadopentetate dimeglumine (0.1 mmol/kg body weight). The enhanced scans were obtained immediately after injection in all cases. Slice thickness was 5 mm. The sizes and shapes of the tumours on MRI were recorded. The sites were classified as superior, medial superior, lateral, lateral inferior, lateral superior, medial, medial inferior or orbital apex.
Results
The shapes of the orbital schwannomas are summarised in Table 1 . In 59 (95%) cases, the lesions had smooth margins; in the remaining three cases, which were recurrences, the lesions had ill-circumscribed margins.
The sites are listed in Table 2 . In 10 (16%) cases, the lesion extended into the cranial cavity from the superior orbital fissure and in one (2%) case, it extended into the sphenomaxillary fossa from the inferior orbital fissure.
On unenhanced T1-weighted MRI, 33 (53%) of the lesions showed uniform isointensity relative to cerebral grey matter and 20 (32%) showed isointensity with small patches of hypointensity. Peripheral isointensity with central hypointensity was observed in eight (13%) lesions; the opposite phenomenon, peripheral hypointensity with central isointensity, was seen in only one case.
The signal intensity of the orbital schwannomas varied between T2-and enhanced T1-weighted images. Notably, the patterns of enhancement on T1-weighted images correlated with the signal characteristics of unenhanced T2-weighted images. Five patterns emerged in our study:
(1) Homogeneous isointensity or hypointensity on T2-weighted images was seen in 16 (26%) of the tumours. Of these, 15 showed homogeneous enhancement on T1-weighted images ( Figure 1 ) and one showed slightly inhomogeneous enhancement. (2) In 18 (29%) cases, peripheral (ring) enhancement was clearly seen on enhanced T1-weighted images. On T2-weighted images, these lesions showed peripheral isointensity with central hyperintensity (Figure 2 ). There were several patients with two or more enhancing rings in a lesion. (3) Two (3%) cases demonstrated peripheral (ring) nonenhancement with central enhancement on T1-weighted images after administration of contrast material. These two lesions showed peripheral hyperintensity with central isointensity on T2-weighted images ( Figure 3 ). (4) In 17 (27%) lesions, the major portions were iso-to hypointense, with small patches of hyperintensity on T2-weighted images. Correspondingly, these lesions showed inhomogeneous enhancement, with small patches of hypointensity, following the injection of contrast material ( Figure 4 ). (5) On T2-weighted images, the major portions of nine (15%) lesions were hyperintense, with small patches of iso-to hypointensity. On enhanced T1-weighted images, these lesions showed extensive nonenhancement with small patches of hyperintensity ( Figure 5 ). Overall, the latter two types, representing heterogeneous enhancement, were seen in 26 (42%) cases.
Discussion
Schwannomas are well-defined, encapsulated, slowly progressive benign tumours that develop as eccentric growths from the sheaths of peripheral nerves. They occur mainly in individuals aged between 20 and 50 years and have a predilection for the head and neck region. In the orbit, they account for 1-2% of all tumours. Since schwannomas occur infrequently, and have few typical signs, preoperative diagnosis is generally difficult. Correct diagnosis and accurate definition of the location and the extent of the lesion greatly facilitate successful surgical excision. However, published reports on MRI of orbital schwannomas are limited. [1] [2] [3] [4] [5] [6] This study was undertaken to delineate the characteristics of orbital schwannomas on MRI and thereby help to increase the accuracy of preoperative diagnosis. We retrospectively analysed the MRI findings of 62 cases from the preceding 5 years. This number of cases is markedly higher than those in previous studies.
The orbit resembles a quadrilateral pyramid whose apex is formed by the optic canal and the superior orbital fissure. Accordingly, the shape of orbital schwannomas is usually oval or round. The tumours filling the orbital apex are cone-shaped. Those arising in the orbital apex and invading the cranial cavity from the superior orbital fissure are commonly dumbbell-shaped. Recurrent tumours with damaged envelopes show irregular-shaped lesions with ill-circumscribed margins. 
Eye
In our study, almost one-half of the tumours were located in the superior or medial superior aspect of the orbit. This correlates with the observation that orbital schwannomas most commonly arise from the supratrochlear or supraorbital branch of the trigeminal nerve. 7 Previous studies have described orbital schwannomas as showing a low signal on T1-weighted and a high signal on T2-weighted images. 6, [8] [9] [10] [11] On enhanced T1-weighted images, the lesions show homogeneous [9] [10] [11] or heterogeneous 3 enhancement. Our data in this series of 62 cases demonstrate that there are additional characteristics, which may be of value in the clinical investigation of schwannomas. We know from our own experience, and that of other authors, 5, 12, 13 that the histology of these lesions underlies the variation in their appearance on MRI. Microscopically, two distinct cellular patterns are seen, designated Antoni A and Antoni B. Antoni-A tissue is rich in cells and is composed of compact bundles of fibrillated cells. Antoni-B tissue is hypocellular and is composed of a loosely textured stroma. Both types of tissue often coexist in the same tumour and the latter does not necessarily predominate.
14 Heterogeneity in MRI signal intensity is due to the diversity of morphology, which may include intratumoural cysts, areas of different cellular patterns, calcifications, and regions of haemorrahage. 15 Moreover, pathological characteristics frequently vary across different regions of the same tumour. In our series, surgical removal was usually carried out intracapsually in a piecemeal fashion, thus producing tumour samples in the form of small pieces. This makes it much more difficult to delineate the relationship between local pathological characteristics and the signal observed on MRI. Our intention was to address this problem by describing our MRI findings on orbital schwannomas and proposing a possible association.
In our series, on unenhanced T1-weighted images, over one-half of the lesions demonstrated uniform isointensity; the remainder showed isointensity with patches or centres of hypointensity. These features are relatively nonspecific and correspond with the observations of other authors. 5, 9, 10, 12, 13 It is our opinion that, compared with enhanced T1-and T2-weighted images, unenhanced T1-weighted images have less value in the differential diagnosis of schwannoma. Some of the features of schwannoma, including a well-circumscribed round or ovoid shape, iso-or hypointensity on T1-weighted imaging, solitary fibrous tumours, 16 isolated neurofibromas, 17 cavernous hemangiomas, 18 and meningiomas, are shared by a number of other orbital lesions. 19 It is difficult to distinguish these lesions from those of schwannoma on T1-weighted images.
The use of gadopentetate dimeglumine as contrast material improves the sensitivity of MRI by selectively increasing the level of contrast enhancement in all schwannomas. 20 In our study, enhancement of T1-weighted images revealed five patterns of features. Importantly, some of these features correlate with the signal characteristics seen on T2-weighted images. The most common, occurring in over one-quarter of cases, was peripheral (ring) enhancement. On T2-weighted images, the central areas of lesions showed hyperintensity with peritumoural iso-or hypointensity. Correspondingly, on enhanced T1-weighted images, the central areas decreased to hypointensity and the peripheries increased to hyperintensity. Although cases of orbital cystic schwannoma with an enhancing capsule and a hypointense centre have been reported, 4,5,1 this type of schwannoma is considered to be very rare. Schwannomas with one or several small cysts are likely to be more common than cystic schwannomas. Both types show peripheral enhancement on MRI and schwannomas with several cysts may show several enhanced rings. Cysts have been detected on MRI in 20% of vestibular schwannomas. 21 Peripheral enhancement also corresponds with increases in cellular Antoni-A regions centrally and myxoid Antoni B regions peripherally. 22 Moreover, it has been reported that hyaline thickening of vessel walls, cyst formation, and myxoid change in Antoni-B tissue occur frequently in peripherally enhanced lesions. 13 Other authors have argued that peripheral enhancement is not necessarily synonymous with cyst formation and necrosis; it might also reflect poor central vascularity and/or increased compactness of the tumour, with decreased extracellular space available for contrast accumulation. 23 Our series of patients included two cases of peripheral (ring) non-enhancement that were well-enhanced centrally on enhanced T1-weighted images. This sign is very rare, in our experience. The principle outlined above, with interchanged locations, may provide an explanation.
On T2-weighted images, the Antoni-A regions show iso-or hypointensity and can be enhanced by the administration of contrast material. 9 The finding that 16 tumours with homogeneous iso-or hypointensity on T2-weighted images showed homogeneous enhancement on T1-weighted images can thus be explained. Relatively abundant Antoni-A regions may be present in these tumours. However, both Antoni-A and Antoni-B tissue often coexist in the same tumour. Focal areas of hyperintensity on T2-weighted images frequently correspond with cystic portions originating in Antoni B tissue, whereas hypointensity may represent haemorrhage, dense cellularity, collagen deposition, 24 calcification, or hyalinized stroma 25 that are not enhanced on enhanced T1-weighted images. Conversely, Antoni-A tissue and myxoid portions are well enhanced. Consequently, in our series, on T2-weighted images, 17 lesions were iso-to hypointense in the major portion with small patches of hyperintensity. Nine lesions were hyperintense in the major portion, with small patches of hypointensity. These 26 lesions showed mixed hypo-and hyperintensity on enhanced T1-weighted images. This pattern of heterogeneous enhancement, indicating histological diversity, may reflect a transitional state between peripheral and homogeneous enhancement. For example, as fusion and extension of small cystic portions occurs, small patches of non-enhanced areas become one large, non-enhanced central area with peripheral enhancement. Similarly, with an increase in Antoni-A regions, small patches of enhanced areas show homogeneous enhancement in a whole lesion. Calcification, collagen deposition, and other histological features contribute to the appearance of hypointensity on T2-weighted images and the absence of enhancement on enhanced T1-weighted images.
Preoperative diagnosis of orbital schwannoma is difficult. Our study has demonstrated features observable on MRI, which, when seen together with the target sign, peripheral enhancement, suggest the diagnosis of orbital schwannoma.
